Background: Coronal incisions are used in traumatic, reconstructive, and cosmetic procedures to access the lateral facial skeleton. Temporal hollowing is a common complication following coronal incision that affects the patient both physically and psychologically. Several dissections have been recommended through this area to avoid injury to the frontal branch of the facial nerve and the temporal fat pad, which is thought to be the cause of hollowing. The purpose of this study was to identify the cause of postoperative temporal hollowing. Methods: Patients requiring a coronal incision were recruited prospectively. Each side of the head in all patients was randomized to suprafascial, subfascial, or deep dissection. An unmarked envelope containing the type of dissection to be performed for each side was used. All envelopes contained equal distributions of all groups. The incidence and severity of temporal hollowing 6 months postoperatively were measured clinically and by computed tomographic volume analysis. Results: Twenty-seven patients with 54 sides (18 suprafascial, 15 subfascial, and 21 deep) completed the study. There were no demographic differences among the three groups. The incidence and severity of temporal hollowing were lowest with suprafascial dissection. Other factors associated with the presence of temporal hollowing included a reduction in body mass index. There were no injuries to the frontal nerve in any of the dissections. Postoperative temporal hollowing was associated with surgical approach and postoperative weight loss. Conclusion: Elevation of a coronal flap in the suprafascial plane and minimization of patient weight loss may decrease the incidence of postoperative temporal hollowing. (Plast. Reconstr. Surg. 121: 379e, 2008.) 
T he coronal incision is commonly used by multiple surgical specialties for traumatic, reconstructive, and cosmetic procedures to provide exposure to the anterior and lateral craniofacial skeleton. 1 A common complication of the coronal incision is a temporal contour deformity resulting in a concavity or hollowing of the temporal region. 2, 3 Hollowing occurs within 6 months postoperatively and can be distressing to patients if severe. Currently, the incidence of temporal hollowing following coronal exposure is unknown.
During coronal flap elevation, dissection in the frontal and temporal regions places the frontal branch of the facial nerve in jeopardy. The frontal nerve travels in a plane under the temporoparietal fascia (or superficial temporal fascia) just above the superficial temporal fat pad. [4] [5] [6] As a result, it has been suggested that dissection should proceed through this fat pad to protect the frontal nerve. 6 However, this dissection may cause fat pad injury and/or displacement, which can result in temporal hollowing. Disinsertion or atrophy of the temporalis muscle and lateral displacement of the zygoma have also been noted as potential causes of hollowing.
by either a decrease in temporal fat pad volume or prolapse. The authors therefore recommended dissection immediately under the superficial layer of the deep temporal fascia to minimize dissection through the fat pad and prevent temporal hollowing. 7 To date, no studies have been performed to test this assumption.
Previous work has identified the neurovascular anatomy of the superficial temporal fat pad. 8 Briefly, the vasculature of the fat pad includes perforators from the deep and middle temporal arteries; the zygomaticotemporal nerve travels through the substance of the fat pad; and there are fibrous septa that divide the fat pad into several lobes. 8 Differing surgical approaches may interrupt these structures to varying degrees, which may influence the incidence of temporal hollowing.
Several surgical approaches through the temporal fossa have been described. 1, 2, 4, 5, 9 The three commonest approaches that allow access to the zygomaticofrontal suture and zygomatic arch include (1) dissection over the superficial layer of the deep temporal fascia (suprafascial); (2) dissection immediately deep to the superficial layer of the deep temporal fascia without violation of the superficial temporal fat pad (subfascial); and (3) dissection within the substance of the superficial temporal fat pad (deep) (Fig. 1) .
No studies have documented the incidence of temporal hollowing following any of these approaches. Therefore, the purpose of this study was, first, to identify the route of dissection through the temporal fossa that results in the lowest incidence and severity of temporal hollowing; and, second, to identify the cause of postoperative temporal hollowing.
PATIENTS AND METHODS
A prospective, randomized, controlled trial of all patients requiring coronal flap elevation was performed. All patients presented to Victoria Hospital, London Health Sciences Centre, London, Ontario, Canada, between January 1, 2003, and December 31, 2005. Full approval was received from the Research Ethics Board at the London Health Sciences Centre and at the University of Western Ontario, London, Canada, before the start of the study. Written and verbal informed consent was obtained from all patients.
Inclusion criteria included adult patients (Ͼ16 years of age) with a clinical condition requiring coronal flap elevation for access to the anterior and lateral facial skeleton. Patients with previous coronal flap elevation or facial surgery were excluded. In addition, patients who were deemed not capable of giving consent such as head injury trauma patients or intubated patients were not included. Once consent was obtained, each side of each patient's head was randomized into one of three groups: (1) suprafascial dissection, above the superficial layer of the deep temporal fascia; (2) subfascial dissection, below the superficial layer of the deep temporal fascia but not into the fat pad; and (3) deep dissection, into the superficial temporal fat pad. The randomization technique involved the selection of an unmarked envelope containing the type of dissection to be performed for each side. All envelopes contained equal distributions of all groups randomized for each side of the face.
Data Collection
Demographic data collection included gender, age, weight at the time of enrollment, height, and diagnosis. In patients with traumatic injuries, direct traumatic injury to the temporal fossa, high-versus low-velocity injuries, and isolated versus multisystem injuries were recorded. In addition, data including operative procedure, extent of lateral dissection (zygomaticofrontal suture versus zygomatic arch), injury of any nerves or arteries within the temporal dissection, duration of surgery, and postoperative Postoperative data at 2 weeks, 6 weeks, and 6 months included the presence of temporalis muscle contraction, interincisal mouth opening, and weakness or loss of the frontal branch of the facial nerve. Body mass index was calculated preoperatively and at the 6-month follow-up in all patients. In addition, clinical temporal hollowing was assessed using a visual analogue scale (0 ϭ none and 10 ϭ severe temporal hollowing) and was performed by the senior surgeon (D.B.M.), who was blinded to the level of dissection per side, at 6 months postoperatively.
Operative Procedure
All coronal exposures were performed by the senior author (D.B.M.). The coronal incision in all patients was placed near the vertex of the skull and extended to the postauricular region, allowing access to the zygomatic arch. Dissection was performed with a no. 15 scalpel blade in the subgaleal plane to a level 2.5 cm from the palpable supraorbital rims. The periosteum was incised with the scalpel at this point centrally to minimize injury to the supraorbital sensory nerves. Subperiosteal dissection with a periosteal elevator continued to the supraorbital rims anteriorly.
Laterally at the superior temporal fusion line, dissection down to the deep temporal fascia with a no. 15 scalpel blade was performed until the superior extent of the superficial temporal fat pad was identified. The dissection was then altered depending on the randomization of each side within each patient. Great care was taken to avoid injury to the neurovascular structures superficial to and within the fat pad. Hemostasis was achieved throughout the dissection using bipolar cautery to minimize heat injury to adjacent tissues including the frontal branch of the facial nerve. The lateral orbit down to the frontozygomatic suture and zygomatic body was exposed through a subperiosteal dissection using a periosteal elevator. The lateral periosteum during this dissection was incised with a scalpel after it was elevated off of the bone, allowing connection to the temporal dissection. The temporal muscle itself was not reflected from the posterior extent of the frontozygomatic suture and lateral orbital rim and wall. Only a periosteal dissection was performed in this area, allowing appropriate visualization and alignment of fractures. This was performed in all trauma patients whether or not rigid fixation was placed at the frontozygomatic suture to minimize variability of the dissection between sides. All elevated periosteum and therefore by definition temporal muscle was resuspended with sutures before closure to ensure that no space between the lateral orbit and temporal muscle existed. This was performed to minimize the risk of hollowing secondary to muscle malposition. It should also be noted that retraction of the coronal flap was performed at all times with right-angled retractors and not with rake retractors to further reduce the risk of a traction injury to the facial nerve.
During suprafascial dissection, the superficial leaf of the deep temporal fascia was identified with scalpel dissection at the superior extent of the fat pad. Blunt dissection then proceeded on top of this fascia using manual traction with a sponge and a periosteal elevator. In this manner, dissection to the palpable zygomatic arch was performed in a bloodless fashion without need of sharp dissection. Once the arch was palpable, the superficial leaf of the deep temporal fascia and the fat pad were entered with the scalpel approximately 5 mm above the palpable upper border of the zygomatic arch to avoid frontal nerve injury. A periosteal elevator was then used within the fat pad to find and elevate the periosteum at the upper border of the arch itself. The dissection performed in this manner minimizes injury to the fat pad and also protects the nerve appropriately (Fig. 1) . Both arterial and venous hemostasis during dissection within the fat pad was achieved meticulously using bipolar cautery only. The superficial layer of the deep temporal fascia, when violated, was resuspended with sutures in all patients irrespective of group before skin closure.
Computed Tomographic Imaging and Volume Calculations
All patients underwent preoperative facial computed tomographic scanning. Similar scans were obtained 1 day and 6 months postoperatively to allow for isolation and measurement of the superficial temporal fat pad volume. All scans were performed on a GE CT Lightspeed VCT machine (General Electric Healthcare, Bucks, United Kingdom). All slices were axial at 1.25-mm intervals and encompassed the skull vertex to the tip of the mentum. Segmentation of the fat pad was performed for each axial slice by the same individual. These images were then used to measure the volume of the superficial temporal fat pad on the Advantage Workstation (AW 4.2_05) using Volume Viewer Plus (Voxtool 5.4.46; General Electric Healthcare). This program counts the number of pixels in each outline and multiplies the total by the cubic voxel size (in cubic millimeters) to calVolume 121, Number 6 • Postoperative Temporal Hollowing culate the volume of each axial slice outline. All slice volumes are then summed to obtain the total volume of each fat pad.
Statistical Analysis
Initial sample size calculations indicated that with an alpha error of 0.05 and a statistical power of 0.80, 60 patients would be required to detect a statistically significant difference in postoperative temporal hollowing among the three dissection groups. This was determined assuming that clinically detectable postoperative temporal hollowing occurs in 30 percent of patients.
The data were applied to distribution curves. Data analysis was performed using analysis of variance, Kruskal-Wallis, and chi-square tests to determine differences between groups for clinical and radiologic measurements of temporal hollowing. Nonparametric analysis was also performed using the median test. Correlation testing was performed to determine whether any patient variables had an influence on temporal hollowing. A value of p Ͻ 0.05 was considered statistically significant throughout the analysis.
RESULTS
Interim statistical analysis was performed at the midpoint of the study to determine whether a difference in postoperative temporal hollowing was present between groups to ensure that no harm was being done. Thirty consecutive patients were included in the analysis, resulting in 60 randomized sides. Twenty-eight of the 30 patients required coronal flap elevation for acute facial fracture repair. Eleven patients had low-velocity injuries (altercation or fall from a height Ͻ5 feet) and 17 had high-velocity injuries (motor vehicle collision, explosives, fall from a height Ͼ5 feet). Twelve patients had multisystem injuries and 11 required admission to the intensive care unit. No patients had penetrating injuries or lacerations within the temporal regions preoperatively. Two of the 30 patients had coronal flap elevation for benign tumor extirpation (Table 1 ).
There were 25 male patients. Average patient age was 36 years (range, 16 to 87 years) at the time of surgery. A total of 27 patients (54 sides) completed the study. Three patients were lost to fol- 
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low-up and were not included in the analysis (Table  1) . No patients were edentulous and all patients were kept on a soft nonchewing diet for 4 weeks postoperatively to rest the muscles of mastication and reduce pain during the healing process. Eighteen of 54 sides had a suprafascial dissection, 15 had a subfascial dissection, and 21 had a deep dissection. There was no statistical difference between groups with respect to age, medical/surgical history, preoperative body mass index, length of surgery, or mechanism of injury ( Table 2 ). Both the middle temporal artery (p ϭ 0.02) and the zygomaticotemporal nerve (p ϭ 0.34) were transected more often in the deep dissection ( Table 2 ). The injury to the artery reached statistical significance. There was no injury or weakness to the frontal branch of the facial nerve in any group. Two patients were returned to the operating room, one for irrigation and debridement of an abscess and the other for evacuation of a hematoma ( Table 2 ). All patients had normal interincisal mouth opening (Ͼ40 mm) 6 months postoperatively.
Definite trends existed in the incidence and average severity of temporal hollowing among the three treatment arms. Fifty percent of patients with a suprafascial dissection had some amount of temporal hollowing, compared with 76 percent of patients with a subfascial and 71 percent with deep dissections. These differences did not reach statistical significance with direct group comparisons (p ϭ 0.20) ( Table 2) . However, a significant difference between groups was measured with the median test (Fig. 2) . Significantly more patients with a dissection that was deep to the superficial layer of the deep temporal fascia (subfascial and deep dissections) had temporal hollowing that was worse than the median for the entire study population. In other words, the suprafascial dissection resulted in patients having significantly less temporal hollowing compared with the median (p ϭ 0.009). Mean severity of temporal hollowing, as measured by the surgeon using a visual analogue scale (0 ϭ none and 10 ϭ severe), was 1.8 for suprafascial dissections, 3.9 for subfascial dissections, and 3.1 for deep dissections (p ϭ 0.09).
The presence of temporal hollowing correlated significantly with a change in body mass index over the study period. A decrease in 6-month postoperative body mass index was correlated with an increase in temporal hollowing severity (p ϭ 0.02). The severity of temporal hollowing also increased as the computed tomographic volume of the fat pad at 6 months postoperatively decreased, but this was not significant (p ϭ 0.27) ( Table 3) .
DISCUSSION
The suprafascial approach caused the least amount of trauma to the superficial temporal fat pad and its neurovascular supply. This approach also resulted in the lowest severity of postoperative temporal hollowing compared with the other approaches. In addition, the suprafascial dissection did not result in facial nerve injury and was used safely to expose the lateral facial skeleton.
Numerous fibrous septations divide the fat pad into discrete sections. 8 These septa attach to both the superficial and deep layers of the deep temporal fascia. Subfascial and deep dissections therefore by definition disrupt these septa. Despite resuspension of the superficial layer of the deep temporal fascia after these dissections, temporal hollowing still occurred in corresponding Volume 121, Number 6 • Postoperative Temporal Hollowing patient groups. It remains unclear whether resuspension reduced the amount of hollowing in these patients. Also, the middle temporal artery was transected significantly more in the deep dissection, which may have contributed to fat atrophy, resulting in hollowing in these patients. Six-month postoperative computed tomographic volumes of the superficial temporal fat pad were negatively correlated with an increase in temporal hollowing severity; however, this did not reach significance. This may have been attributable to small sample size, the use of computed tomography versus magnetic resonance imaging for fat pad volume calculations, or other factors such as scar adjacent to the fat pad making volume calculations difficult. In addition, preoperative computed tomographic volumes were not contributory in this study, as the majority of patients were trauma patients who had scans after the traumatic event. This often resulted in significant edema within the fat pad not allowing accurate fat pad volume calculations.
The majority of patients required surgery secondary to traumatic facial injuries. Trauma patients, particularly those with multisystem injuries, are prone to postinjury weight loss. Weight loss (reduced body mass index 6 months postoperatively) was associated with a decreased superficial temporal fat pad volume and therefore an increased incidence of temporal hollowing in this study. These findings reinforce the importance of perioperative nutrition in hospitals, rehabilitation centers, and patient homes following discharge.
Despite the biased population of trauma patients within this study, it is clear from the results These results therefore should be applicable to all patients undergoing coronal flap elevation, particularly for aesthetic reasons. The proposed suprafascial dissection does take the surgeon closer to the frontal branch of the facial nerve compared with the deeper dissections. Theoretically, therefore, this dissection does put the facial nerve at greater risk of injury. This study has shown that the suprafascial dissection as described can be performed safely. No injury or intermittent weakness was noted in our study population. Ultimately, the choice of a particular type of procedure or technique is a personal one that must be made by each surgeon after considering all of the possible risks and benefits of that procedure.
A limitation of this study is power because of the small sample size. An interim analysis at the halfway point in the study was performed because of a clinical impression that a number of patients were presenting with significant temporal hollowing 6 months postoperatively. Statistical significance was not attained when direct comparisons between groups were performed; however, a statistically significant difference was seen with the median test. This test showed that patients who had the suprafascial dissection had less temporal hollowing than the median of the population. This finding was felt to be clinically significant because fewer patients who had the suprafascial dissection ended up with severe temporal hollowing. Therefore, based on these findings together with the independent role of weight loss in increasing the incidence of temporal hollowing, the study was stopped. It would have been difficult ethically to justify continuing the study with the knowledge that the deeper dissections resulted in more severe temporal hollowing for our patients.
Therefore, despite the smaller sample size, we believe that the data support the following statement: suprafascial dissection results in clinically less temporal hollowing than subfascial or deep dissection. In addition, the suprafascial dissection can be performed safely without injury to the frontal branch of the facial nerve. Currently, the suprafascial dissection is the only approach used during coronal flap elevation at our center.
CONCLUSIONS
Postoperative temporal hollowing following coronal flap elevation was related to a decrease in superficial temporal fat pad volume. This hollowing was most severe in patients who had dissections that were within the superficial temporal fat pad. Fascial resuspension before skin closure did not prevent temporal hollowing. The degree of hollowing was also correlated with perioperative and postoperative patient weight loss in this study that was composed of mostly trauma patients.
Therefore, surgeons using the coronal incision for aesthetic surgery, tumor extirpation, or trauma reconstruction should consider using a suprafascial dissection to expose the lateral craniofacial skeleton. In addition, surgeons should ensure that their patients receive adequate perioperative nutrition, particularly in the trauma setting, to minimize postoperative temporal hollowing.
